METHOD DEVICE FOR AD JUSTING A MUL^^^ 

METHOD FOR ASSEMBLING TFIE MULTI-BEAM SOURCE UNIT, AND 

IMAGE FORMING APPARATUS USING THE MULTI-BEAM SOURCE UNIT 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present invention relates to a method and devksQ for adjxisting a 
multi-beam source luait used in an image forming apparatus such as a digital 
copying machine or a laser printer, as weU as a method for assembling the midti- 
beam source \xmt and an image forming apparatus using the multi-beam soux<;e 
lulit 

Description of the Prior Art: 

Heretofore, as an image forming apparatus such as a digital copying 
machine or a laser printer there has been known an image fo rmin g apparatus 
with a laser scanning optical system mounted thereon. With the recent tendency 
to a higher write accuracy and a higher write speed, a laser scanning optical 
system using a mtdti-beam laser diode is becoming most popular. 

Kg. 1 iUuatrates such a laaer scanning optical system echematicany. In 
the same figure, the reference numeral 1 denotes a multi-beam source unit, 
numeral 2 denotes a polygon mirror, numeral 3 dexiotes a fd lens, and nxmaeral 4 
denotes a photosensitive member (also called an image recording medium). The 
multi-beam source xmit 1 substantially comprises a multi-beam laser diode 5 and 
a collimator lens 6. The multi-beam laser diode 5 has a plurality of light emitting 
points to emit multi-laser beams P. The multi-laser beams P are coUimated by 
means of the collimator lens 6, then axe reflected by the polygon mirror 2 and are 
conducted onto a surfeoe (also called an image recording surface) 4a of the 
photosensitive member 4. 



The polygon mirror 2 and the f B lexm 3 constitute a part of a scanning 
optical ^stem* On the sutfec© 4a of the photosensitive member 4, as shown in 
Fig. 2, the multi-laser bftaxns P are scanned in a horizontal direction Ql while 
leaving predetermined pitches XI in a vertical scanning direction Q2 which is 
5 perpendicular to the horizontal scanning direction Ql* In this type of a laser 
scanning optical system, the surfece 4a of the photosensitive member 4 is scanned 
over a large nnmbcr of Unea at a time to write data onto the surface 4a, 

As the write accuracy and speed have recently become higher, the laser 
scanning optical system is reqxured to be improved in its accuracy for the diameter 

10 of a beam spot 11 of each multi-laser beam P, ooUimatability of the beams, a pitch 
XI between adjacent beam spots 11 in the vertical scanning direction Q2, and a 
write start position in the horizontal scanning direction Ql, The accuracy- 
required is becoming more and more strict as a higher image quality is required. 

As shown in Pig- 3, the multi-beam laser diode 5 has a light emitting 

15 section 7 in the interior thereo£ In the ligjit emitting section 7 are provided a 
plurality of hght emitting points, which are, for example, four Hght emitting points 
7a to 7d, The light emitting points 7a to 7d are arraoged on a designwise 
predetermined virtual straight line Q3 spacedly from one another. The virtual 
straight line Q3 is dbtained by joining acute points 9a and 10a of a pair of acute- 

20 angled cutout portions 9 and 10 which are formed in a metallic stem 8 of the 
multi-beam laser diode 5. 

In the conventional mtdti-beam laser diode 5, the light emitting points 7a 
to 7d are spaced widely from one another, so that when multi-laser beams are 
projected onto the surfece 4a of the photosensitive member 4, the pitches Xl of 

25 their beam spots 11 in the vertical scanning dimc:\ioii Q2 become large and the 
image quality becomes coarse. For avoiding such an inconvenience, as shown in 
Pig. 4, the multi-beam laser diode 5 is tumed aro\md the optical axis of the 
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scanniag optical ^tem (not shown) so that an arranged direction (straight line) 
Q3' of the beam spots 11 becomes oblique with respect to the hori2»ntal scanning 
direction Ql on the aurfe.ce 4a of the photosensitive member 4, thereby adjusting 
the pitches XI in the vertical scanning direction Q2 to enhance the write density 
5 (recording density) in the vertical scanning direction Q2 and improve the image 
quality. 

However, if the multi-beam laser diode 5 is turned so that the anranged 
direction (straight Hne) Q3' of the beam spots 11 is deviated obliquely with respect 
to the vertical scanning direction Q2, to improve the writ© density, then in the case 

10 where the light emitting points 7a - 7d are driven simultaneously to effect write, 
this results in that write start positioxis in the horizontal scanning direction Ql of 
the beam spots 11 on the surfeioe 4a of the photosensitive member 4 become 
displaced and hence the image quality is deteriorated. 

In the loser scanning optical system of this type, for making the write 

15 start positions of the beam spots on the surfece 4a of the photosensitive member 4 
uniform, for example sensors 12 for detecting scan positions of the laser beams are 
arranged correspondingly to the laser beams and the emission of beam from each 
of the light emittu^ points 7a to 7d is controlled in accordance with a light 
receiving tuning of each sensor 12. 

20 More particularly, the emission of light from the light emitting points 7a - 

7d is controlled xipon the lapee of time tO* after the detection of the head beam spot 
11 at time t = tO, thereby maldng write start positions in the horizontal scanning 
direction Ql on the surface 4a of the photosensitive member 4 uniform. 

Moreover, instead of using sensors 12 correspondingly to the li^t 

25 emitting poiats 7a - 7d a sensor 12 is provided correspondingly to the head beam 
spot 11 in the horizontal scanning direction Ql, as shown in Fig, 5(a), then time 
lags tl^ t2, and t3 of beam spots 11 are determined in advance, and as shown in 
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Fig. 5(b). after the head beam spot 11 has been detected by the sensor 12] the 
emission of beams from the remainmg light emitting points 7b - 7d is delayed 
cone^jondingly to the time lags by means of a delay control circuit (not shown), 
thereby making the beam spots 11 tmi&rm in the vertical scanning direction at 
5 the write start positions on the surface ^ of the photosensitive member 4, as 
shown in Kg. 5(a). 

In ibis laser scanning optical system, however, the control circuit used for 
aJigning write start positions is compKcated, with consequent increase of cost. 

At present, a multi-beam laser diode 5 with light emitting points 7a - 7d 

10 spaced more narrowly than before is being developed. In a multi-beam source 
xuiit having such a multi-beam laser diode 5 it is presumed that positional 
variations of the li^t emitting points 7a - 7d will be small Further, the multi- 
beam source unit is probably designed so as to be set to a scanning optical system 
on the assumption that light emitting points 7a - 7d are arranged in the direction 

15 of a predetermined standard design line when tiiey are present on the virtual 
straight line Q3 defined by a pair of cutout portions 9 and 10, and is attached as it 
is to a body portion of an image forming apparatus. 

Even with such a design, however, due to errors in the manufacturing 
process of the multi-beam laser diode 5 being considered, it is rarely the case that 

20 the Kght emitting points 7a - 7d are positioned on the virtual straight line Q3 
without error. Even if there exists an arrangement direction (straight line) Q4 
jdning light emitting points 7a - 7d. as shown in Pig- 6, the arrangement direction 
Q4 and the virtual straight line Q3 are slight^ indined with respect to each other 
and thus aligning the arrangement direction of the light emitting points 7a - 7d 

25 with the direction of the standard design line witiiout the need of any adjustanent 
is difficult. The reference mark d represents the angle of that indination. 

When the multi-beam laser diode 5 is to be mounted to a body portion of 
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an image fanning apparatus body with a scanning optical system mounted 
thereon, since there exists a mounting error, it is desirable to turn the midti-beam 
laser diode 5 around the optical axis so that the arrangement direction Q4 of the 
light einitfcing points is at a predetermined angle relative to the vertical scanning 
direction Q2* 

SUMMARY OF THE INVENTION 

The present invention has been accomplished in view of the above 
dxcumstances and it is aa object of the invention to provide a midti-beam sourcje 
unit adjusting method and device wherein an arranged direction of light emitting 
points of a multi-beam laser diode relative to a horizontal scanning direction of a 
scanooing optical system can be aligned with a predetermined standard design hne 
direction, as well as a method for assembling the multi-beam source unit and an 
image forming apparatus using the multi-beam source unit, particularly, a multi- 
beam source xmit adjusting method and device wherein an arranged direction of 
light emitting points of a multi-beam laser diode caa be a<^*usted to a vertical 
scanning direction of a scanning optical sj^tem easily without impairing a 
required design accuracy, as well as a method for assembling the multi-beam 
source xmit and an image forming apparatus using the multi-beam soinxe unit 

For achieving the above object, according to the present invention, in the 
first aspect thereof there is provided a method for adjusting a multi-bean source 
unit, the multi-beam source unit including a multi-beam laser diode capable of 
emitting multi-laser beams jBcom a pltiraliiy of light emitting points and a 
collimator lens for ooUimating the multi-laser beams, the mvdti-laser diode having 
a stem formed with a cutout portion, the multi-beam source unit beiog designed so 
as to be set to a scanning optical system on the assumption that the plxnral light 
emitting points are arranged in the direction of a predetermined standard design 



line when* they are present on a virtiual straight line defined by the said cutout 
portion, the method oomprising measuring an arranged state of the light emitting 
points with respect to the standard design line on the basis of beam spots on an 
ioaage sur&ce corresponding to an image recording 8\<r&ce and rotating the multi- 
5 beam laser diode about an optical axis of the scanning optical system to align the 
arrangement direction of the light emitting points with the direction of the 
standard design line. 

In the second a^3pect of the present iaventiion there is provided, in 
comhination with the above first aspect, a multi-beam source unit adjusting 

10 method wherein the virtual straight hne is defined by a concave or convex portion 
as an engaging portion for positioning formed in the stem. 

According tor the above first and second aspects of the tavention, since an 
arranged state of the light emitting points with respect to the standard design line 
is measured on the basis of beam spots on an image surface and the multi-beam 

15 laser diode is rotated for adjustment about the optical axis of the scanning optical 
^f3tem, the arrangement direction of the hght emitting points can be aligned with 
the direction of the standard design line easily. 

In the third aspect of the present invention there is provided, in 
combination with the above first or second aspect, a multi-beam source imit 

20 adjusting method wherein on the image surface corresponding to the image 
recordiog surfece an arrangement direction of the light emitting points with 
respect to the standard design line is determined on the basis of a straight line 
obtained by joining two beam spots corresponding to two Hght emitting points 
located remotest bom each other out of the h^t emitting points* 

25 According to the mnlti-beam source unit adjusting method in the above 

third aspect of the invention, since an arrangement direction of the light emitting 
points is determined usii^ only the light emitting points located remotest from 



each othelr, it is possible to defcerojine a hgkt emittiiig points arrangement 
direction of the multi-beam laser diode easily. 

In the fourth aspect of the present invention there is provided, in 
combinatiDn with the above first or second aspect, a multi-beam source unit 
5 adjusting method wherein on the image sur&ce corresponding to the image 
recording surface there are measured relative positions of beam spots 
corresponding to the light emitting points to determine an approximate straight 
line on which the light emitting points can be regarded as being present, and an 
arrangement direction of the l^t emitting points is determined by the 
10 approximate straight line- 
In the fifth aspect of the present invention there is provided, in 
combination with the above fourth iaspect, a multi-beam eouroe unit adjusting 
method wherein the approximate straight line is obtained by a method of least 
squares. 

15 In the sixth aspect of the present invention there is provided, in 

combination with the above first or second aspect, a multi-beam source unit 
adjusting method wherein, on the ime^ surfece corresponding to the image 
recording surfeice, lelative positions in the horizontal scanning direction of beam 
spots corresponding to the light emitting points are measured in terms of relative 

20 angle positions with respect to the standard design hne to determine a ma xim u m 
deviation in the horizontal scanning direction among the beam spots, then the 
multi-beam laser diode is rotated to measure relative positions of the beam spots 
in the horizontal scanning direction at dififerent relative angle positions, thereby 
determining a maximum deviation in the horizontal scanning direction among the 

25 beam spots, these operations are repeated to measure an arranged state of the 
bg^t emitting pointa, and an arrauogement direction of the lig^it emitting points is 
determined by a relative angle position corresponding to the smallest maximum 
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deviation. 

According to the miilti-beaai scairce unit adjustmg methods in the above 
fourth to sixth aspects of the inventioii, the ajrrangement direction of the multi- 
beam source xxnit canbe aligned with the dbcection of the statidard design line with 
5 a high accinraqy . 

In the seventh aspect of the present invention there is provided, in 
combination vsnlth the above first or second aspect, a multi-beam source unit 
a<^TiSting method wherein the arrangement direction of the light emitting points 
is substantially parallel to the vertical scanning direction. 

10 According to the multi-beam source xtmt adjusting method in the above 

seventh aspect of the invention, since the aixangement direction of the ligjit 
emitting poiuts can be aligned with the vertical scanning direction before 
mounting the same unit to a body portion of an image forming apparatus, it is 
possible to dispense with such an operation as adjusting the beam spot pitch in the 

15 vertical scanning direction after mounting the multi-beam source unit to the body 
portion of the image forming apparatus and it is not necessary to adopt a 
complicated construction such that for correcting write start positions displaced in 
the horiziontal scanning direction due to the beam spot pitch adjustment, sensors 
for detecting laser beam scan positions are provided for laser beams respectively 

20 on the ima^ forming apparatus body side and the write start position is controlled 
for each laser beam, nor is it necessary to adopt a complicated construction such 
that a time lag of each laser beam in the horizontal scanning direction is measiared 
and a control is made for driving each laser beam with tise of a delay drcuit. 
Thus, it is possible to reduce the nimiber of components used, shorten the 

25 assembling time required for moimtiug to the body portion of the image forming 
apparatus, and attain the reduction of cost. It is also possible to attain the 
simplification of control using software. 
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la the eighth aspect of the present invention there is provided, in 
combination with the fiist or second aspect, a multi-beam source unit adjusting 
method wherein the multi-beam source unit is provided with a base member, the 
base member supporting the multi-beam laser diode rotatably and having a fitting 
5 cylinder which defines a rotational center, the muM-beam source unit is also 
provided with a mounting bracket to be mounted to a bo^ portion of an image 
forming apparatus, the mounting bracket having a horiziantal scanning direction 
reference plane to be conftonted with a horizontal scanning direction reference 
plane formed in the body portion of the image forming apparatus and also having 

10 a fitting hole to be fitted on the fitting cylinder, tiie multi-beam source unit is 
further provided with an engaging piece for engagement with an engaging portion 
for positioning and a pressing spring piece for pressing the stem, the engaging 
piece being brought into engagement with the engaguig portion for positioning, 
and the base member being rotated while being supported by the mounting 

15 bracket to adjust the arrangement direction of the light emitting points 
substantiaQy in paraUel with the vertical scanning direction. 

According to the multi-beam aoxurce unit adjusting method in the eighth 
aspect of the invention, since the multi-beam source unit can be adjusted alone 
before being mounted to the body portion of the image forming apparatus, it is 

20 possible to simplifir the mounting work for mounting the multi-beam source unit 
to the image forming apparatus body. 

In the ninth aspect of the present invention there is provided a multi- 
beam source unit adjusting device comprising a base member adapted to be 
positioned and fixed, the base member being provided witli a multi-beam laser 

25 diode having a plurality of fight emitting points and capable of emitting multi- 
laser beams and also provided with a collimator lens for coDimating the multi- 
laser beams; an image pickup device on which the mxilti-laser beams are projected 
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for measimng an airangement direction of the Hght emitting points on the basia of 
beam spots and for rotating the multi-beam laser diode about an optical axis of an 
optical system; and a focusing lens disposed between the image pickup device and 
the commator lens to condense and focus the multi-laser beams onto an image 
pickup surface of the image pickup device, wherein a fiont-side focal position of the 
focusing lens is substantially coinddent with a rear-side focal position of the 
collimator lens. 

According to the multi^beam source unit adjusting device in the ninth 
aspect of the invention, since the multi-laser beams from aU the light emitting 
points can be enlarged, condensed and focused substantially onto the image 
pickiv surface, the position of eadi beam spot can be detected with a high 
accuracy. 

In the tenth aspect of the present invention there is provided, in 
combination with the above ninth aspect, a multi-beam source unit adjusting 
device wherein the image pickup device is a CCD camera and the focusing lens is 
disposed so that a focused area of a beam spot of each mnlti-laser beam on an 
image pickxq) surface of the CCD camera is ten times or more as large as a pixel 
area. 

According to the multi-beam source unit adjusting device in the tenth 
aspect of the invention, the resolving performance on the image pickup surface can 
beimproved and a cental position of each beam spot can be calculated with a 

high aocuraty . 

In the eleventh aspect of the present invention there is provided, in 
combination with the above ninth aspect, a multi-beam source unit adjusting 
device wberem for controlling in such a manner as to give substantiafly equal 
respective outputs of the multi-laser beams there is provided a control circuit 
which controls luminous outputs of N number of light emitimg points so that the 
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sxim total- of outputs of the light emitting points is N times as large as a detected 
outputs of one of the laser beam &om any one of the N number of light ex3Eaitting 
points* 

According to the multi-beam source unit a^jtisting device in the eleventh 
5 aspect, since it is possible to equalize the Immnous outputs of the Eght emitting 
points, the beam spots on the image pickup surface can be made equal in size and 
it is possible to calculate a central position of each beam spot with a high accuraiy- 
In the twelfth aspect of the present invention there is provided, in 
combination with the above ninth aspect, a midti-beam source unit adjusting 
10 device wherein a central position of each of the beam spots is a centroid position of 
a CCD pixel output correspondii^ to the beam spot. 

According to the multi-beam source unit adjusting device in the twelfth 
aspect of the invention, the center of each beam spot can be measured with a high 
accuracy. 

15 In the thirteenth aspect of the present invention there is provided, in 

combination with the above twelfth aspect, a multi-beam soim» unit adjusting 
device wherein the centroid position of each of the beam spots is determined by 
subtracting 1/e of a maximum value of the CCD pixel output and performing 
calculation using a CCD pixel output larger than aero* 

20 According to the multi-beam source unit adjusting device in the thirteenth 

aspect, the center of each beam spot can be determined with a high accuracy even 
if the beam spot is out of shape. 

In the fourteenth aspect of the present invention there is provided a 
method for assembling a multi-beam source xmit, the multi-beam source unit 

25 including a multi-beam laser diode capable of emitting multi-laser beams fxxm a 
plurality of light emitting points, the multi-beam laser diode having a stem formed 
with a cutout portion, the multi-beam source unit also including a collimator lens 



11 



for coUimating the multi-la$er beams, the multi-beam soxirce unit being designed 
so as to be set to a scanning optical ^stem on the assumption that the lij^t 
emitting points are arranged in the direction of a predetermined standard design 
hue when they are present on a virtual straight line defined by the said cutout 
5 portion, wherein an arranged state of the hght emitting points with respect to the 
standard design line is measured on the basis of beam spots formed on an image 
surface corresponding to an image recording suxfece and the multi-beam laser 
diode is rotated about an optical axis of the scanning optical system to align the 
direction of arrangement of the hght emitting points with the direction of the 

10 standard design line, the method comprising a fixing step of portioning the multi- 
beam laser diode to a base member, the base member supporting the multi-beam 
laser diode rotatably and having a fitting cylinder which defines a rotational 
center, and fixmg the multi-beam laser diode with use of a pressing spring piece, a 
positioning step of positioning the collimator lens with respect to the multi-beam 

15 laser diode> a cafculating step of measuring spot positions of the laser beams 
emitted from the multi-beam laser diode and calculating central positions thereof 
and a rotation adjusting step of adjusting the rotation of the base member with the 
multi-beam Laser diode attached thereto in such a manner that tiie direction of 
arrangement of the beam spots is aligned with the standard design line direction, 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig, 1 is a schematic diagram showing the construction of a scanning 
optical epystem schematically; 

Fig. 2 is a schematic diagram showing an arranged state of beam spots on 
25 an image recording surfooe; 

Kg. 3 is a schematic diagram for explaining an arranged state of light 
emitting points in a multi-beam laser diode; 
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Kg. 4 is an e^lanatoiy diagram for e^qplaidng an example of controlliiig 
write start positions on the image recording sinfeoe; 

Fig. 5 is an e^cplanatoty diagram for e^laining another example of 
controlling write start positi^^ on the image recording surEace, in which (a) 
illusteates a relation hetween an arranged direction of beam spots and write start 
positions and (b) is a timing diagram for explaining light emission timings of the 

light emitting points; 

Fig. 6 is a diagram for e:q>laining an inclination between an arranged 
direction of the light emitting pomts in the multi-beam laser diode and the 

direction of a standard design line; 

Pig. 7 is an exploded perspective view of a multi-beam somrce nnit 

according to the first embodiment of the present invention; 

Fig. 8 is a fiont view of a moimting bracket shown in Fig. 7; 
Fig. 9 is a rear view theieo^ 
Fig. 10 is a plan view thereof 

Fig, 11 is an enlarged view of a principal portion of the multi-beam source 
unit shown in Fig. 7 as seen fi?om the front side thereof 

Fig. 12 is an enlarged view of the principal portion of the multi-beam 
source unit as seen from the back side thereof 

Fig 13 is an enlarged plan view of a multi-beam laser diode shown in Fig. 

7; 

Fig. 14 is a rear view of the multi-beam source unit shown in Pig. 7; 
Fig. 15 is a front view thereof- 

Fig. 16 is a schematic diagram of an adjusting device for tiie multi-beam 

source unit shown in Pig. 7; 

Fig. 17 is an explanatory diagram showing an arranged state of beam 

spots focused on an image pickup surfece shown in Fig. 7; 
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Fig, 18 is an explanatory diagram showing an arranged state of beam 
spots adjusted by the adjusting; device shown in Kg, 16; 

Fig. 19 is a perspective view showing a schematic construction of a body 
portion of an image forming apparatus to which the mtdti-beam source unit shown 
5 in Pig. 7 is to be mounted; 

Fig. 20 18 a perspective view showing a schematic oonstructiou of the body 
portion of the image forming apparatus with the multi-beam source imit shown in 
Kg- 7 mounted thereto; 

Pig* 21 is a schematic diagram of an optical system in the adjusting device 
10 shown in Pig, 16; 

Pig. 22 is a schematic diagram showing an example of a beam spot formed 
on an image pickup surface shown in Pig, 16; 

Pig. 23 is an eaqilanatoiy diagram showing an example of determining a 
centroid position fix>m a li^t beam distribution curve shown in Fig* 22; 
15 Pig. 24 is a schematic diagram for explaining a relation between a beam 

spot and the size of the image pickup sur&ii^; 

Fig. 25 is a diagram showing graphically an example of uniforming 
outputs of H^t emitting points; 

Pig, 26 is an eaplanatory diagram for explaining another example of a 
20 method for calculating a centroid position of a beam spot, showing a laser beam 
distribution curve; 

Pig, 27 is a diagram showing a principal construction of an automatic 
adjusting system for the multi-beam source unit according to the present 
invention; 

25 Fig. 28 is a flow chart explaining an adjusting process in the automatic 

adjusting system shown in Pig. 27; 

Pig. 29 is a flow chart explaining a detailed procedtue of the adjusting 
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process shown in Fig. 28; 

Fig. 30 is a flow chart explaining another adjusting process in the 
automatic a<^ju$tmg «q?stem shown in Pig. 27; 

Ptg. 31 is a flow chart explaining a detailed procedure of the adjusting 
5 process shown in Fig, 30; 

Fig, 32 is an esgolanatory diagram of an edge image obtained by lighting of 
an inuminating Eght source, in which (a) shows a case where the edge image is 
indined leftwards with respect to a standard design line and (b) shows a case 
where the edge image is inclined r^twards with respect to the standard design 
10 line; 

Fig* 33 is a plan view showing a schematic construction of a positioning jig, 
showing a mounted state of a base member before setting of a multi-beam laser 
diode; and 

Pig. 34 is a partially enlarged sectional view for e^^Iaining positioning of 
15 multi-laser beams with use of the positioniog jig- 

DETAILED DESCmPTION OF A PREFERRED EMBODIMENT 

|Multi-beam source imit and method for at^'usting the same according to an 

embodiment of the iavention] 

20 Fig, 7 is an exploded perspective view of a multi-beam soiorce imit 19 

embodying the present iavention. In the same figure, the reference numeral 20 
denotes a moxmting bracket. The mounting bracket 20 has a bottom wall portion 
21, an npright waU portion 22, and a pair of side wall portions 23. In the bottom 
wall portion 21 axe formed a pair of positioniog holes 21a and a pair of screw 

25 ioaertiag holes 21b, 

On the underside of the bottom wall portion 21 are formed positioning 
reference portions 24, as shown ia Pig. 8. The positioning reference portions 24 
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are each provided ^ith a horizontal aea^l-g direction reference plane 24a for 
defining a horimntal scanning direction. The poaitioniag reference portiona 24 
are to he contented with positioning reference portions of a honaing serving as a 
l^y portion of an hnage fcrnnng appaiat« vvhich wiJl be deacrihed later. 

In the upright wall 22 is &r«ed a dicular throng hole 25 and on the 
back aide of the npri^ wan 22 are fcrmed a pair .rfpositioning reference portions 

26 on hoth sides of the through hole 26. as ehownin Figs. 9 and 10. 
Tb. posiliooing reference portions 26 are respectively provided with vertical 
^.anning direction reference planes 26a substantially perpendicular to the 
h<^tal scanning direction referena, planes 24a of the posilioning refers 
p„rfons24. In the paired positioning reference portions 26 are fcrmed sc»w 

inserting holfia 27, respectively. 

Further, on the back side of the upright wan portion 22 is toed a 

ftth^g .yhnder 28 concentricaUy with the circular through hole 25 a»^ 
16 rotation,estric.ingpin29isprojectedbetweenthedr™larfit.ing<^Ih^ 

one positioning referenoe portion 26. 

A base member 30 is attached to the back side of the upright wafl portion 
22 The base member 30 holds a multi-beam laser diode 31. As shown on a 
larger scale in fHg. 11. the ba^ n^-l^r 30 is provided on its front side w^^ 

20 drcuiarfittingcylinder32tobefitt^inthefitting<ylii>d^^ 

An ii^de diameter of the fitting cylinder 28 and the diameter of the 
eixcular through hole 25 axe equal to each other and an outside diameter of the 
fitting cylinder 32 is toed a Uttle smaUer than the diameter of the orcular 
through hole 25 to the e:dent d.at the fitting cylinder 32 can rotate axound the 

25 circular throiigh hole 25. 

The fitting cylinder 32 is formed with an arcuate support portion 34 fcr 

«• u rin TViP mffimator lens 33 functions to oollimate 

supporting a colhmatar lens 33. ine commawr ^ 
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mtdti-lajger beams emitted fifom the mxdti-beatn laser diode 31. As to the details 
of mounting the collimator lens 33 to the circular support portion 34, it will be 
described later. 

The fittiog cylinder 32 hm a central opening 35. A pair of cutout portions 
5 32a are formed in the fitting cylinder 32 on both sides of the qpening 35, An 
aperture member 36 for shaping the multi-laser beams is attached to the circular 
fitting cylinder 32. The aperture member 36 is formed with a dit 36a which 
extends long horizontalfcr and a pair of engaging pieces 36b for engagement with 
the paired cutout portions 32a. The multi-laser beams are emitted through the 
10 opening 35 toward the coDimator lens 33. 

A pair of positioning reference portions 37 are formed at both side 
positionQ of the base member 30 which positions correspond to the positions of the 
paired positioning reference portions 26, with tapped holes 38 being formed in the 
positioning reference portions 37 respectively. Between one positioning reference 
15 portion 37 and the fitting cylinder 32 is formed a loose insertion hole 39 for loose 
insertion therein of the rotation restricting pin 29. 

On the back side of the base member 30, as shown on a larger scale in Fig. 
12, there is formed a pressing plate mounting portion 41 for mounting a pressing 
plate 40. The pressing plate 40 is centrally provided with four pressing spring 
20 pieces 40a, one engaging piaoe 40b for positioning and a pair of through holes 40c, 
In the pressing plate mounting portion 41 is formed a fitting hole 42 
which is concentric with the opening 35. The fitting hole 42 is formed with a 
mounting reference hole 42a for a stem 31B and an abutting reference plane 42b 
for the stem. In the preesiog plate mounting portion 41 is formed a posationiog 
25 groove 41A which is in communication with the fitting hole 42, as shown in Pig. 12. 
The positioning reference hole 41A ia used at the time of positioning and moimting 
the multi-beam laser diode 31 to the pressing plate mounting portion 42 of the 
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base member 30 by meajos of a positioniag jig which will be described later. If the 
multi-beam laser diode 31 is moxmted to the piiessing plate moxmting portion 42 
with use of a positioimig jig, the positioning of the multi-beam laser diode in the 
rotational dbection with respect to the ptessing plate mtoimting portion 42 can be 
5 done precisely* But the positioning can be eflfected using the engaging piece 40b 
for positioning even without usixig any adjusting device fox positioning^ provided 
the use of the positioning jig is essentijal in the case of using a pressing plate 40 nor 
formed with the engaging piece 40b for positioning* 

The mounting reference hole 42a is foamed a httle lar^ in diameter than 

10 the stem 31B and the depth thereof is set to the extent that when the stem 31B is 
pushed against the abutting reference plane 42b, the back of the stem prqiects 
ftom the hack of the pressing plate mounting portion 41, as shown in Kg. 34. 

A cyHndrical body portion 31A of the multi-beam laser diode 31 is fitted in 
the fitting hole 42. In the pressing plate mounting portion 41 are formed a pair of 

15 temped holes 41a on both sides of the fitting hole 42 correspondingly to the through 
holes 40c formed in the pressing plate 40. The diameter of each through hole 40c 
is a httle lai^r than the diameter of a shaft poartion of a screw 43 with spring 
washer which will be described later. 

The pressing plate 40 is pressed and fixed to the pressing plate mounting 

20 portion 41 by fitting the cylindrical body portion 31A of the multi-beam laser diode 
31 into the fitting hole 42, then putting the pressing spring pieces 40a on the back 
of the stem 31B of the multi-beam laser diode 31, and fiarther by bringing screws 
43 into threaded engagement with the tapped holes 41a respectively. 
[Constructi<m of the multi-beam laser diode 31] 

25 In the interior of the cylindrical hody portion 31A of the multi-beam laser 

diode 31 is formed a pedestal 44, which is provided with a rectangular light 
emitting chip portion (light emitting portion) 45, as shown in Pig, 13. In the 
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iDustrated conelxuction, four l^t emitting points 45a to 4M aie provided in the 
light emitting chip portion 45. The stem 3lB is formed with a pait of acute- 
angled cutout portions 46. The light emitting points 45a - 45d are positioned riear 
a center 01 of the cylindrical body portion 31A. 
5 The li^t emitting points 45a - 45d are to be arranged spacedly on a 

virtual straight line Q3 joining acute points 46a of the paired cutout portions 46, 
but due to errors in the manufacture of tie multi-beam laser diode 31 an arranged 
direction Q4 joiniag the light omitting points 45a - 45d h inclined with respect to 
the virtual straight line Q3, The stem 31B is filmed with a rectangular cutout 

10 portion 47 as an engaging portion for positioning at a position orthogonal to the 
virtual straight line Q3. 

Althougb in this embodiment the virtual straight line Q3 is defined by 
joining acute points of the paired cutout portions 46, a pair of convex portions of an 
acute shape may be formed on the stem 31B side to define the virtual straight line 

15 Q3. 

The cutout portion 47 engages the engaging piece 40b of the pressing 
plate 40 and is used as a positiomii^ reference at the time of fixing the multi-beam 
laser diode 31 to the base member 30. As shown in Hg. 14, the multi-beam kflcr 
diode 31 is positioned relative to the base member 30 by engagement of the 

20 engaging piece 40b with the cutout portion 47 and is fixed to the base member 30 
with screws 43, Although the rectangular cutout portion 47 is formed as a 
positioning engaging portion in the stem 31B, there may be formed a rectangular 
convex portion for positioning instead. In this case, an engaging recess for 
engagement with the engaging convex portion for positioning is formed instead of 

25 forming the engaging piece 40b on the pressing plate 40 side. 

[Adjusting the collimator lens 33 in the multi-beam source xmit 19] 
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^„ber30»*.n»».^b«cket20. The «aimt« to. 33 er«mgpd by a. 

f . ^ili«i«tar lens holding am and is conveyed to the 
same device by meaiis of a coUimator lens nmume 
5 ar-n^te support portio. M. The arcuate ^ portioa 84 coated w,^ a 

pho™a ^ aaheaive (an utea^let^ ad^) 
ta,. 33 U diapceed at a pred«ten>u^ i^itid d^MiU 

9/1 The coUimator tens holding aim ^ 
thus-coated ait:uate support portion 34. ine coif^ 

VI ,^««We of beine controlled iodependently 

provided on a thiee-axis movable stage capable ot Demg co 

10 in three-axis directions. 

Next, fcr aH^ to optical a^ of the colJi-m^or leua 3., the 

^ual ceut^, to .ena 33 ia adjusted it, poaitiona » and y-a=aa 

a^^a„dUalaoac«uatedi..poAi»ninz-a«sdh«*ian(pcd^ 
a^ direction). positional adjustment dn to optical a«a directiou of to 
15 oomnu.*. lens 33 iaooud^ctedibrn^ldng the light ann«^ poi-.s 46a ^ 

eotaddent wiU. a fccal portion (local plane) of to collinu.«« let. 33 to enhance 

. - I- • *v.«£i otHq movable stage is used for the 
the colhmatabihty and the foregoing three-axis movaow ^ 

adjxifltnient- 

Tte positional adius^t of to coUin^ator lens 33 ia performed <br eacK 
20 ofthe«ghtemittingpoints46a-45dandamean™iueofoptimalposi.ionsthus 
obtained is used as a representative characteristic 'n. collimator lens 33 >s 
positioned at the mean value. 

After to positional adjustment of to »llimator lens 3^ ultraviolet light 
(UVlight) as aparallelbeamis radiatsdfiom al»ve the coBimatortens 33 and the 
.5 ultraviolat.uringtyperesiniscooledwitl.airwhiish«nscuredbytoultrav* 
hgte which has passed though to animator leua 33. toreby allowing to 
collimator lens 33 to be bonded and W to to arcuate support portion 34. 
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Aa shown in Pig* 15, the base mGiober 30 m temporarily fixed to the 
upright wall portion 22 by means of screws 4T with spriiig waaher, whereby the 
multi-beam source unit 19 is assembled- 
[Ai^'ustmg the an^ of the multi-beam source unit] 
5 The multi-beam ^urce unit 19 with the collimator lens 33 bonded and 

fixed thereto is then set to an adjusting device. 

5%. 16 is a hematic diagram of an adjusting device for use in the multi- 
beam laser diode adjusting method. The adjusting device is constituted as an 
automatic adjusting system, whose detailed constructiDn will be described later. 

10 The adjusting device has a condenser lens (focusing lens) 48 and an image 

picktqp device 49, The adjusting device is further provided with a reference 
mounting portion 50. The multi-beam soiutse unit 19 is set to the adjusting 
device in a state in which horizontal scanning direction reference planes 24a 
thereof are broug^it fece to lace with a reference plane of a reference mounting 

15 portion 50. 

A tip 51 of a micrometer is brought into contact with an upper end fece of 
the base member 30 at a position more outside than the position where the 
rotation restricting pin 29 is present. In this state, a drive voltage is applied to 
terminals 31c of the multi-beam laser diode 31 simxiltaneously, whereby the li^t 

20 emitting points 45a - 45d are activated and beam spots 52 - 55 corresponding to 
the light emdtting points 45a - 4gd are formed on an image pickup surfew^ 49a 
which corresponds to an image recordiag surfeice 4a, as shown in Fig, 17. 

Assuming that there is no mounting error in design, the virtual straight 
hne Q3 coincides with the vertical scanning direction Q2, namely, the standard 

25 design line. The light einitting points 45a - 45d vaiy due to manufacturio^ 

and it is presumed that their positions in the horizontal scannir^ direction Ql and 
iatervals in the vertical scanning direction Q2 on the image pickup surfece 49 are 
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not constant. Thus, the arranged direction Q4 as an arranged state of the heam 
spots 62 - 55 is not always emtent. 

In this embodiment, therefore, a straight line obtaioed by joining two light 
emitting points 45a and 45d, which are remotest from each other out of the hxtx 
5 light emitting points 45a - 46d, 0?y joming the beam spots 52 and 66)> is regarded 
as being the arranged direction Q4 and the angle 6 of the arranged direction Q4 
r^elative to the virtual straight line Q3 is meastn:ed. 

Given that, in the vertical scanning direction, the spacing between the 
beam spots 52 and 53 is x2, the spacing between the beam spots 52 and 54 is x3, 
10 and the spacing between the beam spots 52 and 55 is x4, while, ia the horizontal 
scanning direction, the spacmg between the beam spots 52 and 53 is y2, the 
spacing between the beam ^ots 52 and 54 is y3, and the spacing between the 
beam spots 52 and 55 is y4, the angle 6 is determined in accordance with the 
following equation: 
15 0 =tan**(y4/s:4) 

Instead of regarding the straight hue obtained by jotoing the two remotest 
U^t emitting points 45a and 46d out of the Hght emitting jjoints 45a - 45d (the 
straight line obtained by joining the beam spots 52 and 55) as the arranged 
direction Q4, there may be adopted a method involving obtaining an approximate 
20 straight line by the method offcast squares, xising the approximate straight liae 
thus obtained as the arran^d direction Q4, and determining the an^ d of the 
arranged direction Q4 relative to the virtual strai^t line Q3. 

B =-(E(x ixy i)- S(x ixy iyN)/(Sx i^-(2x i)^ 
where N stands for the number of K^t emitting points (here, N == 4), x i and y ' i 
25 stand for positions in x and y directions, respectively, of each Kght emitting point, 
andi- 1-N. 

Next, in accordance with the angle $ thus obtained, a pulse motor 
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cox:^)lGd directly to the micrometer to turn the base member 30 by tha 

angle 6 so that the arranged direction Q4 becomes aligned with the vcrtiral 
scanning direction Q2. 

Then, tha collimator lens 33 is released from the asUimator lens holding 
5 arm and measurement is made to see whether the arranged state of the beam 
spots 52 - 55, namely, spadngs y2 - y4 in the hori2»ntal scanning direction Ql of 
the beam spot$ 52 - 55, are within a specification a or not 

If the spadngs y2 - y4 in the horizontal scanning direction Ql of the beam 
spots 52 - 55 are output the specification o*, that is, if the arranged state of the 

10 beam spots is not proper, the base member 30 is again subjected to the angular 
adjustment and the collimator lens 33 is adjusted its position. Thereafter, the 
screws 47 with spring washer are tightened to a fiirther extent to fix the base 
member 30 to the mounting bracket 20 unrotatably. Then, the laser beams are 
measured for optical characteiistics and arranged $tate and the multi-beam laser 

15 diode 31 is turned OPP to complete the adljusting work- 
As a result, as shown in Pig. 18, the beam spots 52 - 55 are arranged 
straight in the vertical scanning direction Q2 and thus the write start portions on 
the image recording surface 4a are aligned Consequently, it is possible to 
simplx^ the configurations of control circuit and drive circuit disposed in the body 

20 portion of the image forming apparatus. 

Thus, in the multi-beam source imit assembling and adjusting process 
there are performed both measuring an arranged state of the light emitting points 
45a - 45d 'm the multi-beam laser diode 31 and rotating the multi-beam laser diode 
31 so as to align the arranged direction of the Kght emitting points with the 

25 direction of the standard design Kne on the basis of the meas\n»ment of the light 
emitting points 45a - 45d arranged state. The aperture member 36 is mounted 
after this adjiistment* 
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Although the arranged direction Q4 as the arrangsd state is here 
evaluated^ there may be adopted a method involving rotating the base member 30 
by predetermined angles to determine spadngs (deviations) in the horiasontal 
scanning direction Ql, regarding the ang^e 6 as the arranged direction Q4 of the 
5 Hght emitting points 45a - 45d at which angle the maximum deviation out of the 
deviations y2, y3, and y4 becomes minimirai, and rotating the multi-beam laser 
diode 31 in that direction to align the write start portions of the beam spots 52 - 
55. 

10 [Schematic construction of the body iK^rtion of the image forming apparatus] 

Pigs. 19 and 20 illustrate a schematic construction of a housing of the 
image forming apparatus body portion, of which Pig 19 illustrates a state prior to 
mounting of the mtdti-beam source unit 19 to a housing 56 and Fig. 20 illustrates 
a mounted state of the multi-beam source unit 19 to the housing 56, 

15 A scanning optical system 57 is mounted on the housing 56. The 

scanning optical system 57 m substantial^ composed of a pofygon mirror 58 and f 
8 lenses 59. Apositioningreferenceportion60isprovidedon the bottom wall of 
the housing 56. As shown in Hg* 19, the positioning reference portion 60 is 
provided with a pair of positioning pins 61 and a pair of tapped holes 62. In the 

20 mxdti-beam source unit 19, as shown in Fig. 20, the reference planes of its 
positioning reference portions 24 are oon&onted with a reference plane of the 
positioning reference portion 60, positioned by the positioning pins 61, and fixed to 
the positioniag reference portion 60 with screws 63. 

In one side wall of the housing 56 is formed an opening 64 which extends 

25 in a direction parallel to the horizontal scanning direction Ql, When the multi- 
beam laser diode 31 is driven to activate the light emitting points 45a - 45d 
simultaneously, multi-laser beams are deflected in the horizontal scanning 
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<Jirection-Ql by the polygon mirror 58, then pass tfarou^ the opening 64 and are 
radiated to a photosensitive aurfeicc 65a of a photosen^tive drum 65 serving as a 
recording medium to form four beam spots 11 on the photosensitive surEa.ce 65a* 
The four beam sjpots 11 are substantially aligrsed in the vertical scamiing<^ 
5 Q2 on the photosensitive surfiicc 65a because the Hght emitting points 45a - 45d of 
the mtdti-beam laser diode 31 are adj\isted in the vertical scanning direction Q2* 

[Explaining the details of adjusting the mtdti-beam source unit] 

Kg* 21 illustrates an optical system of the adjusting device schematically, 
10 In the same figure, fco stands for a rear-side focal length of the collimator lens 33, 

fco* stands for a jBcont-side focal length of the collimator lens 33, fl stands for a 

firont-side focal length of the condenser lens 48, and fl' stands for a rear-side focal 

length of the condenser lens 48. 

An image pickup surface (an area type image receiving sur&ce) 49a of the 
15 image pickup device 49 is positioned at the rear-side focal length fl. of the 

condenser lens 48. The fco^^side focal position of the condenser leixs 48 is made 

substantially coincident with the rear-aide focal position of the collimator lens 33, 
With the optical system constructed as above, multi-laser beams emitted 

fix>m the light emitting points 45a - 45d of the multi-beam laser diode 31 are 
20 substantially colfimated by the collimator lens 33 and are focused onto the image 

pickup surfoce 49a by the condenser lens 48 substantially on a larger scale. Thus, 

it becomes possible to measure the position of each beam spot with a high 

accuracy, 

Mg. 22 is an enlarged view of the beam spot 52 formed on the image 
25 pickup sittfiioe 49a- The position of each beam spot is determined by calculating 
a centroid position. An example of how to calculate a centroid position of the 
beam spot 52 will be described below. 
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Each pixel of the image pickup siirfaoe 49a is defined by the reference 
mark Zij- The marks Zlj, Z2j, ,„ 2S3, Znj stand for pixels axi^ged in the 
horizontal scanning direction Ql, while Zil^ 2512, ZiJ, Zim stand for pixels 
arraiiged in the vertical scanning directi^ and the mark i (integer from 1 to n) 
5 stands for the ith position counted fix>m the left-hand side, while the mark 3 
(integer fi?om 1 torn) stands &r the jth position counted from below* 

If the sum total Wj (Wj = Z]j + Z2j + ... + Zij + + Znj) of output signals 
outputted firom pixels Zlj, ZSjj, Zg arranged in the horizontal scanning direction 
Ql is obtained successivefy- j&om j = 1 to j - m in the vertical scanning direction Q2, 
10 there can be obtained a light beam intensity distribution curve Bl in the vertical 
scanning direction Q2. likewise, if the sxan total Wi (Wi = Ztl + Zi2 + Zij + + 
Zim) of output signals outputted from pixels Zil, Zi2, Zg, Zim ammgod in the 
vertical scanning direction Q2 is obtained successively from i=ltoi = ninthe 
horizontal scanning direction Ql, there can be obtained a light beam intensity 
15 distribution curve B2 in the horizontal scanning direction Ql, 

In Fig, 23, a threshold value Plh is set for the beam intensity distribution 
curve B2, then addresses XI and X2 of pixels in the horizontal scanning direction 
Ql corresponding to the intensities which cross the threshold value Plh are 
spedfied, and an address Xim of the piitel corresponding to a mean value of the 
20 sum of the addresses XI and X2 is obtained* In this way there is obtained a 
centroid position (central position) Ol in the horizontal scanning direction of the 
beam spot 52, By performing the same processing for the beam intensity 
distribution curve Bl there is obtained a centroid position (central position) in 
the vertical scanning direction. The threshold value Plh is set at one over the 
25 square of e (natural logarithm) from peak Pmax. 

Thus, since the centroid position of the beam spot 52 is calculated on the 
basis of the entire shape of the beam spot focused on the image pickup surfeoe 49a, 
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it is desirable, for enhancing the calculation accuracy, to constitute an optical 
system so that the fbcuang area of each beam spot on the image pidbip area 49a is 
ten times or more as large as the pixel area. 

More specifically, as shown in Pig. 24, given that the diameter in the 
5 horizontal scanning direction of the beam spot 52 on the image pidbop surface 49a 
is Wm* the beam spot diameter in the vertical iscaiming direction on the image 
pickup flurfece 49a is Ws, the diameter in the horizontal scanniz^ directkm of the 
laser beam after passing the slit SBa is Dm", the beam diameter in the vertical 
scanning direction after pafssmg the slit is Ds', and the oscillation wavelength of 
10 the multi-beam laser diode 31 is A, the beam spot diameters Wm and Ws in the 
horizontal and vertical directiona respectively are calculated in accordance with 
the following equations: 

Wm = (flx ;iyin xDm^ 

Ws = (fl^ Xyitr xDb*) 
15 and the optical system in the ac^usting device is designed so as to give; 

TT xWmxWs>pixeIaxeax 10 

Further, if the pitch displacement quantity in the horizontal scanning 
dir(x*ion between the remotest Hght emitting points 45a and 45d is PLDAm, the 
pitch displacement quantify in the vertical scanning direction between the light 

20 emitting jKjints 45a and 45d is LDAs, the pitch in the horizontal scanning 
direction between the beam spot 52 from the light emitting point 45a and the 
beam spot 55 fcom the light emitting point 45d on the image pickup siurfece 49a is 
Pccdm, and the pitch in the vertical scanning direction between the beam spot 52 
from the light emitting point 46a and the beam spot 55 from the light emitting 

25 point 45d on the imago pickup sur&oe 49a is Pccds, then a pitch displacement is 
calculated ia accordance with the following eqtjations Pccdm = (fl/fco) x PLDAm 
and Pccds = (il/Sco) x PLDAs and a magnification of the optical system is set so as 
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to prevent protrusion of Ixith beam spots 52 and 55 of the light emitting points 45a 
and 45d from the iniage pickup surface 49a and so as to satisfy the following 
relationships: 

Pccdm X (N- 1) + Wm < Lm 
5 Pocdsx(N-l) + Ws<Ls 

where Lm stands for an overall length of the image pickup suifece 49a in the 
horizontal direction (horizontal scanning direction^ Ls stands for an overall length 
of the image pickup stnrfiice 49a in the vertical direction (vertical scanning 
direction^ and N stands Ibr the number of light emitting points <N 

10 So setting the magnification of the optical system is efficient because the 

evaluation of four light emitting points 45a - 45d can be done simultaneously by a 
dingie image pickup device 49. 

When the li^t emitting paints 46a - 45d are to be turned ON at a time, 
the following cxintml is made so that the light emitting outputs of the light 

15 emitting points 46a - 45d become substantially equal to one another. First, ai^ 
one of the light emitting points 45a - 45d is turned ON and the output of the image 
pickup device 49 based on tiiat activated light emitting point is detected and is 
stored as a reference output PI. 

Next, with the light emitting point thxm turned ON left as it is, one of the 

20 remaining H^t emitting points is turned ON and a laser drive control circuit is 
adjusted so that the output of the image pickup device 49 becomes twice its 
reference output PI. This control adjustment is made successively for the four 
light emitting points 45a - 45d and the laser drive control circuit is adjusted so as 
to afEbrd an output four times the reference output PI. Generally, in the case 

25 where there are N number of light emitting points, the laser drive control circuit is 
set so as to give an output N times the reforence output PI, as shown in Pig* 25. 

By so setting the laser drive control circuit it is possible to make constant 
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the iBtensity of each of the beam spots 52 - 55 on the huage pickiq? sxicfece 49a and 
hence possible to aoctcrately evalxiate the position of each beam spot. 



[Another example of calculating a centroid position of each beam spot] 
5 In Fig. 26, given that a centtxiid position of a beam apot in the Imxmmtai 

scanning ditwtion is 01, a centroid pOisition thereof in the vertical scanning 
direction is 02, the size of one pixel in the horizontal scanning direction is Gi, the 
sz2e of one pixel in the vertical scanning directi athreahold value obtained 

fix)m the s\m of products in the vertical scanning 
10 value obtained fiom the sum of products in the horizontal ocaxxmug direction is 
P2h, the centtoid positions Ol and 02 may be determined in accordance with the 
following equatiOjQS, in which the threshold values Plh and P2h are set to Lfe of 
the maximum value Pmax: 

i =xi 

i =" SCI 

20 E { (Wj-P2h) X j} 

Oi-GjX : 

According to this calculation method a central position of each beam spot 
25 can be determined with a high accuracy, particularly even when the beam spot is 
out of shape* 

[Principal construction of the automatic adjusting ^st^m] 
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Fig. 27 is a perspective view showing a principal construction of the 
automatic adjvuatmg ^tem. In the same figure^ the numeral 70 denotes a 
control circuit (a personal computer for control) and numeral 71 denotes a CCD 
camera^ The CCD camera 71 has the focufidng lenB 48 and a CCD as the image 
5 picki^) device 49. The control circuit 70 has an image processing control section 
70a, a mechanical drive section 70b, and a pulse motor control section 70c. An 
output signal ftom the CCD camera 71 is appUed to a CCD camera drive unit 72 
and is then inputted as an image signal to the image processing section via the 
CCD camera drive unit 72. 

10 Mechanically, the automatic adjusting^ system is substantial^ composed 

of solenoid valves 73, 74 and 75, air cylinders 76 and 77, pressing arms 79 and SO, 
and an air chuck unit 81. The pressing arms 79 and 80 are re^ectively provided 
with pressing pieces 79a and 80a for pressing the base member 30 against the 
upright wall portion 22 of the mounting bracket 20. The air chuck unit 81 has 

15 gripping anus 82 and 83 to gfrip a side portion of the base member 30 verticaDy. 
The air chuck unit 81 is fixed onto a support stand 84, which stand is actuated 
vertically by means of a pulse motor 85* A micrometer 78 is provided on the pulse 
motor 85 and the support stand 84 is mounted to an upper end of the micrometer 
78, 

20 In the construction of the micrometer shown in Fig. 16, the upper end 

thereof is in direct abutment against a side portion, of the base member 30 fiom 
above, but it is to be understood that this is because the illustration of the 
micrometer ia Fig. 16 is schematic, 

likewise, although a spatial layout relation between the base member 30 

25 and the moimting bracket 20 is diflferent between Figs. 27 and 7, this is for the 
convenience of easily drawing an explanatoiy diagram of holding the base member 
30 on the mounting bracket 20 throi;^ the pressiag arms 79 and 80, 
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The mechanical drive section 70b outputs a valve ON-OFF signal to each 
of the solenoid valves 73, 74 and 75 and the air cylinders 76 and 77 ate switched 
over fiom one to the other air feed direction, whereby the pressing arms 79 and 80 
are switched over between a direction of pressing the base member 30 against the 
5 mounting bracket 20 and the opposite dtpcction. lifcewisG, the supply of air for 
the air chuck unit 81 is switched over by the solenoid valve 75, whereby the 
gripping arms 82 and 83 are actuated between a direction in which the gripping 
arms grip side portions of the base member 30 vertically and a direcfcion in which 
the side portions of the base member 30 are released from the gripped state. 

10 The pulse motor control section 70c controls a pulse motor drive unit 86 

and the pulse motor 85 is controlled by the pulse motor drive unit 86, 

In the illustrated example an illuminating light source 87 and an 
illuminating lens barrel 88 are provided in the automatic adjusting syjsrtenou The 
illuminating lens baitel 88 is provided with an illmninating lens 89. Ilivuninating 

15 light iiom the illumimting light soiuice 87 is conducted to the illuminating lens 89 
through an optical fiber 90- The illmmnating lens 89 converges the illurainating 
light to illuminate the light emitting chip i>ortion 45. 

There may be adopted an adjusting method wherein a reflected image of 
the light emitting chip portion 45 resulting from reflection by the illuminating 

20 light of the light emitting chip portion 45 is received by the CCD camera 71 and 
the adjustment of rotation for the moxmting bracket 20 of the base member 30 is 
perfcrmed by calculating an inclination of an edge image (to be described later) of 
the light emitting chip portion 45. A description wiE be given later about the 
procedure of this adjustment Here, reference will be made first to the procedure 

25 for making adjustment of rotation by making the Hght emitting points 45a - 4Sd 
emit hght. 

Pigs, 28 and 29 are explanatory views of the said rotation adjusting 
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procedure. 

As shown in Pig. 28, the base member 30 is fixed temporariiy to the 
jnounting brackets 20 with screws 47' and the mounting bracket 20 i8 set to the 
a^iusting system (S. 1). Next, a start switch (not shown) is turned ON {S. 2), 

5 whereby the air cylinders 76 and 77 axe actuated and the base member 30 is 
pressed to the mounting bracket 20 and is held thereby (S. 3). Then, the base 
member 30 is gripped by the gripping arms 82 and 83 0.4). Next, a laser drive 
connector (not shown) is connected to each terminal 3lC of the laser diode 31 (S. 5), 
The laser drive connector may be connected to ea6h terminal 31C automatically 

10 with use ofan air cylinder (not shown). As a result, the H^t emitting points 45a - 

45d are turned ON (S. 6). 

Upon turning ON of the Hght enntting points 45a - 45d, a shift is made to 

the procedure for adjustment processing shown in Pig. 29 (S. 7). 

As shown in Mg. 29, a CCD image is fetched upon turning ON of the light 

15 emitting points 45a -45d(S. 71), Mote specifically, a CCD image is introduced 
into the image processing control section 70a and central positions 01 and 02 of 
each beam spot are calculated (S, 72). It is optional whether the central positions 
01and02aretobe calculated in accordance with the centa»id position calculating 
method described above with reference to Kg. 22 or by the centroid position 
calculating metiiod described above with reference to Fig. 26. Next, an 
inclination angle 8 relative to the virtual strai^t hne Q3 in the arrangement 
direction Q4 is calculated (S. 73). For this cakulation of tiie inclination angle 
there may be adopted any of tiie methods described previously. 

Then, it is judged whether the inclination angle 6 is within the 
25 specification or notes. 74). If the answer is afBrmative, the adjustinent is ended 
and the processing flow shifts to step S. 8. in which die screws 47' are re-ti^tened 
and the base member 30 is fixed to the mounting bracket 20. It is optional 
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whether this operation i$ to be done autotnaticaUy or manually- 

Unless the inclination ang^^e $ Mis imder the specification, the image 
processing control section 70a calculates a rotation drive quantity of the pulse 
motor oa the basis of, for example, the distance LO from a rotational center Ol* to 
5 a central axis of the micrometer 78 and the inclination angle 6. The data on the 
rotation drive quantity of the pulse motor is sent to the pulse motor control section 
70c, whereby the pxdse motor drive unit 86 is controlled and the pulse motor 85 is 
rotated by the rotation drive quantity to move the micrometer 78 up or down (S. 
76). 

10 With the vertical movement of the micrometer 78, the gripping arms 82 

and 83 also move vertically, whereby the base member 30 is rotated about the 

rotational center 01'. 

Then, the processing flow shifts to S, 71 and the processings of 71 to S, 

74 are repeated If the inclination angle 6 feDs under the specification, the flow 
15 shifts to S, 8, while if the inclination an^e 9 is stiH outside the specification, the 

processings after S. 75 are repeated* 

When the fixing of the base member 30 to the mounting bracket 20 is 

completed by re-tightening the screws 4T in S. 8, the base member 30 is released 

from the gripping arms 82 and 83 (S. 9). 
20 Thereafter, a check is roade to see if the indimtion angle 6 is within the 

specification or not (S. 10) and if the answer is negative, the screws 4T are 

loosened, the flow again shifts to S. 7 and the processings of S. 7 to S, 10 are 

repeated. 

If the inclination an^e 9 is found to be within the specification in S. 10, 
25 the flow shifts to S. 11 to tvim OFF the Kght emitting points 45a - 45d and 
thereafter the laser drive connector is removed from each terminal 31c (S, 12). 
Subseqnentiy. the base member 30 is released from the movmting bracket 20 (S. 
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13) , followed by temoval of the mountire bracket 20 from the adjusting system (S. 

14) . 

Pigs. 30 and 31 axe explanatory diagrams explaining the procedure of 
rotation adjustment &r the base member 30 relative to the mounting bracket 20 
5 whidi adjustment is based on an inclination measurement of an edge image of the 
hgtt emitting chip portion 45, 

As shown in Hg, 30, the base member 30 is fixed temporarily to the 
mounting bracket 20 with screws 4T and the mounting bracket 20 with ba^ 
member 30 is set to the adjusting ^jrstem (S. 1% Next, a start switch (not shown) 
10 is turned ON (S. 2% Then, the base member 30 is pressed against the mounting 
bracket 20 (S. 3*) and is gripped by the grq^ping arms 82 and 83 (S. 4% Next, the 
fllmninatiiig light source 87 is turned ON (S. B"), Images of the Hght emitting 
chip portion 45 shown in Figs- 32(a) and (b) are received by the illuminating lig^t 
source 87 ^S. 6^. 

15 The image processing control section 70a fetches the image of the light 

emitting chip portion (S. 61% then performs a binarization processing (S. 62) and 
subsequent edge detection (S. 63% As a result, edge images 45p, 45q, 45r, and 
4&oftheIi^t emitting cHp portion 45 are hig^ghted The inclination angle 9 
of the strai^t line Q4 is calculated on the basis of coordimte values (xr, yl% (x2', 

20 y2% (x3', y3% and (x4', y4') of comer points 45p', 45q\ 45r', and 45s* of the edge 
images 4^, 45<!b 45r, and 456, respectively, and in aooordance with the fcUovmig 
equations: 



25 



x3>x4 0= (-1) xtan^( I' J' ) 

A I Xj 
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Next, a check ia made to see if the indinatioa angle 9 is within the 
Srpedfication or not (S. 65*) and if the answer is aflSrmative, the adjiistment m 
ended and the screw© 47 are re-tightened (S* ?*) to fix the base member 30 to the 
mounting bracket 20. 

5 On the other hand, if the inclination angle 6 does not fell under the 

specification, a rotation drive quantity of the pulse motor is calculated (S. 66*) and 
the micromotor 78 is moved up or down by lie rotation drive quantity of the pxdee 
motor (S, 67^. 

As a result, the gripping arma 82 and 83 move vertically and the base 

10 member 30 is turned about the rotation center. 01'- Next^ the processing flow 
shifts to S, 61' and the pxoces^aings of S* 61' to S, 65' are repeated. If the 
inclination angle 8 fells under the specification in S. 65', the flow shifts to S. 7', 
while if the inclination angle d is still outside the specification, the processing of 
S, 66' and subsequent processings are repeated- 

15 After the fixing of the base member 30 to the mounting bracket 20 by re- 

tightening of the screws 47* in S. 7' is completed, the base member 30 is released 
from the gripping arms 82 and 83 (S. 8*) and then a check is made to see if the 
inclination an^e 6 is within the specification or not (S. 90- If the answer is 
negative in S. 9*, the screws 47* are loosened and the processing flow again shifts to 

20 S. G\ followed by repetition of the processings S. 6* to S, 9'. 

If the indination angle 6 is within the specification ia S, 9', the flow 
shiffcs to S, 10' to turn OFF the inxnninatingHg^t source 87 and thereafter the base 
member 30 is released fix>m the mounting bracket 20 {S* 110- Subsequentiy, the 
mounting bmcket 20 is removed fix)m the adjusting j^stem (S. 12'). 

25 Although in the above rotation adjustment based on edge images the 

images are obtained using a CCD camera and the rotation adjjustment is made 
automatically^ there may be adopted a construction wherein the same adjustment 
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is made visually. 

[Adjusting the momting position of the multi-beain laser diode with a podtbiiiag 
M 

5 Pig* 33 is a plan view of the positioning jig and Fig, 34 is an explanatory 

diagram explaining in what state positioning is eflEected using the positioning jig 

In Kg. 33, the numeral 100 denotes the positioning jig. The positioning 
jig 100 has a positioning jig body 101 and a base member rest portion 102. The 
base member rest portion 102 has a base member abutting portion 103, a base 

10 member rest surface 104, and a base member guide portion 105. The reference 
planes of the positioning reference portions 37 of the base member 30 are brot#it 
into abutment €^;ainst the base member rest sur&ce 104, one longitudinal end 
portion of the base member 30 is abutted against the base member abutting 
portion 103, and both side portions thereof perpendicular to the loi^tudinal 

15 direction are guided by base member guide portions 105 until the base member is 
placed on the base member rest portion 102. 

A pair of guide rails 106 axe disposed on the positioning jig body lOlanda 
slide member 107 is mounted didably on the guide rails 106. A positioning 
member 108 is secured to the slide member 107 removably with screws 109, The 

20 positioning member 108 comprises a guide portion 108A which is guided by a 
positioning groove 41A and an engaging lug 108B for positioning which is formed 
at a free end of the guide portion lOSA and which comes into close engagement 
with the cutout portion 47. 

As shown in Mg, 34, the base member 30 is positioned and placed on the 

26 base member rest portion 102, the multi-beam laser diode 31 is inserted into the 
fitting cylinder 32, then the pressing plate 40 is put on the stem 31B of the multi- 
beam laser diode 31 and is fixed temporarily with screws 43, 
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Subsequently, the slide member 107 is allowed to slide toward the base 
member 30> with the result that the positioning member 108 is guided along the 
positionic^ groove 41A and the engaging lug 108B for positioning comes into 
engagement with the cutout portion 47. If the base member 30 and the mudti- 
5 beam laser diode 31 are displaced fix»m each other in the rotational direction, the 
engagirig lug 1G8B for positioning abuts the peripheral wall of the cutout portion 
47 as it advanced into the cutout portion, whereby the multi-beani laser diode 31 is 
rotated with respect to the base member 30 and is adjusted to a predetermined 
positional relation in the rotational direction with respect to the base member 30. 

10 By re-tightening the screws 43 in this state the multi-beam laser diode 31 

is pressed against the pressing plate mounting portion 41 by means of the pressing 
plate 40 and is fixed to the base member 30 unrotatab^y* If the slide member 107 
is allowed to sHde in the opposite direction in this fixed state of the diode, the 
cutout portion 47 and the engagiag lug 108B for positioning are disengaged from 

15 each other. 

In this way the multi-beam laser diode 31 and the base member 30 are 
rendered integral with each other and the base member 30 with the mxilti-beam 
laser diode is mounted to the moxmting bracket 20 and is adjusted for rotation, as 
described earlier. 

20 As set forth above, hi the a<tiusting method for the multi-beam source unit 

according to the present invention, an arranged state of the light emitting points 
relative to the standard design hxm is measured on the basis of beam spots on the 
image surfece corresponding to the image recording sur&ce and the multi-beam 
laser diode is rotated for adjustment around the optical axis of the optical system. 

25 Consequently, the arranged direction of the li^t emitting points can be aligned 
with the standard design line direction easily. 

Particularly, if the arranged direction of the light emitting points is 
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aligned with the vertical scanning dixection in advance of the mounting of the 
mxdti-beam source unit to ihe body portion of the image forming apparatus, then 
the adjusting operation of adtjmting the beam spot pitch in the vertical scanning 
diirection after the mounting of the multi-beam source unit to the image forming 
5 apparatus body, a complicated construction auch that, for correcting write start 
positions displaced in the horizontal scanning direction by the beam ^ot pitch 
adjustment, a sensor for detecting the scanning position of each laser beam is 
provided for each laser beam in the image forming apparatus body and a write 
start position is controlled for each laser beam, and a complicated construction 

10 such that a time delay in the horizontal scanning direction of each laser beam is 
meaaured and a lafier beam drive control m performed using a delay circuit, can all 
be avoided and hence it is possible to reduce the number of eonq>onents used and 
also possible to shorten the assembling time required for the moimting to the 
image forming apparatus body, with consequent attainment of the reduction of 

15 cost. The simpKiication of control \ising software can also be attained 

In the multi-beam source nnit adjusting device according to the present 
invention, since multi-laser beams from all the light emitting points can be 
enlarged and substantially condensed and focused onto an image pickup surfeoe, it 
is possible to detect beam spot positions with a high accuracy. 

20 Tn the multi-beam source unit assembling method according to the 

present invention, both adjustment in the arranged direction of beam spots and 
positional adjustment of the collimator lens can bo done simultaneously in the 
mtilti-beam source unit assembliii^ pixxsess and thus the multi-beam ^urce unit 
assembling work can be done eflBciently. 

25 In the image forming apparatus according to the present invention, at the 

time of moimting the adjusted multi-beam source unit to the body portion of the 
image forming apparatus, it is possible to simplify the position adjusting work for 
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the acanrdiig (^tical system. 
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